Abstract. This paper presents data collected on the Henize sample of 205 S stars: (i) CORAVEL radialvelocity data; (ii) photometric data in the UBV bands of the Geneva photometric system; (iii) photometric data in the JHKL bands of the SAAO photometric system; (iv) IRAS fluxes; (v) low-resolution spectra of 158 S stars. Close visual companions have been found for Hen 47, 94, 105 and 155. Spectroscopic orbital elements are provided for Hen 2, 108, 121, 137 and 147. The analysis of these data is presented in a companion paper.
Introduction
The Henize sample of S stars (as listed in Stephenson 1984) comprises S stars south of δ = −25
• and brighter than R = 10.5, and is supposedly complete. A large-scale study has been devoted to this sample in order to better characterize the two families of S stars, the intrinsic S stars (bona fide thermally-pulsing asymptotic giant branch stars) and the extrinsic S stars (binary masqueraders). The data are presented in this Send offprint requests to: S. Van Eck, e-mail: svaneck@eso.org Based on observations carried out at the European Southern Observatory (ESO, La Silla, Chile), at the 70 cm Swiss telescope at ESO and at the South African Astronomical Observatory.
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paper; for their analysis the reader is referred to Van Eck & Jorissen (2000; hereafter Paper III) .
Section 2 presents the radial velocity data along with 5 new orbits; the Geneva photometry and JHKL SAAO photometry are presented in Sects. 3 and 4, respectively. Estimates of the bolometric magnitudes are derived in Sect. 5. Section 6 discusses the IRAS fluxes available for Henize S stars, and Sect. 7 presents the method used to reduce 158 low-resolution spectra and to derive bandstrength indices. All these data, along with the results of the multivariate classification performed in Paper III, are listed in accompanying tables.
CORAVEL radial velocities

CORAVEL monitoring of the Henize sample
Radial-velocity monitoring of the Henize sample of S stars has been performed between 1992 and 1997 on the Danish 1.54 m telescope at the European Southern Observatory (La Silla, Chile). A full description of the CORAVEL spectro-velocimeter can be found in Baranne et al. (1979) . Basically, CORAVEL measures the velocity of a star by cross-correlating its spectrum with a mask reproducing about 1500 lines of neutral and ionized iron-group species from the spectrum of Arcturus (K1-2 III). The minimum of a gaussian fitted to the cross-correlation dip (cc-dip) thus obtained yields the radial velocity of the star. Further information on the CORAVEL observation and reduction techniques can be found in Duquennoy et al. (1991) . Some useful additional information can be derived from the ccdip: in particular, the parameter Sb, defined as the width of the cc-dip corrected for the instrumental profile, is related to the average stellar line width. It is defined as Sb = (σ 2 − σ 2 0 ) 1/2 , where σ is the observed width of the stellar cc-dip, and σ 0 = 6.29 km s −1 is the instrumental width (i.e., the width of the cc-dip of minor planets reflecting the sun light, corrected for the solar rotational velocity and photospheric turbulence).
The radial-velocity data are listed in Table 3 , as described in Appendix A. The standard deviation of the radial velocity is listed instead of the P (χ 2 ), because most S stars exhibit large velocity variations due to either binarity or envelope motions. These velocity variations are typically larger than the error on the measurements, hence the P (χ 2 ) is most of the time close to zero and is therefore not an efficient tool to detect binary stars.
The individual measurements will be available at the Centre de Données Stellaires (CDS) in Strasbourg or on our dedicated web page http://www-astro.ulb.ac.be/.
Radial velocity curves and orbital parameters
Despite the fact that all extrinsic S stars ought to be binaries (see Jorissen et al. 1998 and Paper III) , the number of radial-velocity measurements in the present survey was generally not sufficient to derive a reliable orbit, except in the cases listed in Table 1 and displayed in Fig. 1 . Table 1 also provides a few very preliminary orbits derived from 6 or 7 measurements only.
Geneva photometry
The Henize sample of S stars has been monitored in the Geneva photometric system on the Swiss telescope at La Silla (Chile). Detailed information on this photometric system and on the data reduction can be found in Golay (1980) , Rufener (1988) and Rufener & Nicolet (1988) . Among the 205 S stars of the Henize sample, 179 could be reached with the 70 cm Swiss telescope, with an average of 4 good-quality photometric measurements (in all filters) per star.
Rejected measurements
Some photometric measurements have been discarded. They concern mostly misclassified stars, or stars with abnormal colours: -Misclassified stars: Hen 22 and 154 are two stars misclassified as S, as revealed by low-resolution spectra (Van Eck & Jorissen 1999 , hereafter Paper I; see also Paper III). Hen 22 is a mid-K giant (∼K3-5) and Hen 154 a late-G giant (∼G8); -Single measurement revealing abnormally blue colours:
Only a single very blue measurement (U − B = 2.26; B − V = 0.48) is available for Hen 82; a nearby field main-sequence star could well have been measured instead of the faint and variable S star Hen 82. In fact, The last three panels labelled "orb?" provide preliminary orbits the S star Hen 82 is most probably a Mira (strong H α and H β emission are visible on its low-resolution spectrum; spectral type S5,8 according to Henize (as listed in Stephenson 1984) . Although Mira stars are known to sometimes exhibit such blue colours, Hen 82 has been removed from the photometric data set, given the lack of additional photometry confirming the blue colours of this star. The same holds true for Hen 181 (=V407 Sco; U − B = 2.17; B − V = −0.53); -Close visual binaries: Several stars (Hen 47, 94, 105, 155) were found to be close visual binaries, and their photometric data have therefore not been considered for the cluster analysis presented in Paper III. In all these cases, two spectra separated by less than 10 (angular separation on the sky projected on the direction perpendicular to the slit, corresponding to less than 15 pixels on the CCD frame) have been recorded by the Boller & Chivens spectrograph (Sect. 7). Rough estimates of the companion spectral type could be obtained in all cases, but Hen 94 which is too faint: Hen 47 (> 5 ): S + K4V; Hen 105 (> 4 ): S + late BV or early AV; Hen 155 (> 14 ): S + G5 IV-III. The numbers in parentheses provide a lower limit on the angular separation. Hen 47 is the only one among those cases where the physical association between the two stars is clearly unlikely. The difference in absolute visual magnitudes between the S star and a K4V star is at least 7 magnitudes, but the observed difference in apparent visual magnitudes is less extreme, since the available photometry clearly reveals composite colours. All these pairs lie within 2 • of the galactic plane (except Hen 155 with b = 20
• ) where crowding may be severe. If some of these pairs would nevertheless turn out to be physical, the less evolved main sequence companion would allow to set a lower limit on the mass of the S star, namely > 3 M for Hen 105. These masses are compatible with S stars being intermediate-mass stars; -Magnitudes fainter than 16.5: All magnitudes fainter than 16.5 were rejected, as well as their associated standard deviations, because at such faint magnitudes the flux contribution from the sky is dominating. For our S stars, magnitudes fainter than 16.5 only occur in the U filter, except for Hen 122 (B = 17.82), which is flagged in Table 4 . The stars having U > 16.5 fall in two categories: (i) either the star has some of its U measurements fainter than U = 16.5; in that case only the measurements brighter than U = 16.5 were considered; (ii) the star has all its U measurements fainter than U = 16.5; no U standard deviation is computed in that case. The column labelled n U in Table 4 indicates the number of measurements fainter than U = 16.5.
Average colours and standard deviation
The average magnitudes were computed from the weighted fluxes according to Eq. (2) of Rufener (1988) , where the weights refer to the quality of the measurements.
The reduced standard deviation σ r is computed by quadratically subtracting the instrumental error σ 0 from the standard deviation σ. The instrumental error is computed by interpolating Fig. 2 of Barblan et al. (1998) , giving the mean precision as a function of the magnitude for observations performed in the Geneva system. If σ ≤ σ 0 , then σ r = 0. The reduced standard deviation has not been computed for magnitudes fainter than 16.5, because of the large uncertainties affecting the mean precision σ 0 at such faint magnitudes.
Dereddening
Each star has been dereddened according to the following procedure: (i) If 10
• ≤ |b| < 45 • , the colour excess E B−V is taken from Burstein & Heiles (1982) and is multiplied by the factor [1 − exp(−10 r sin |b|)], where r is the distance in kpc and b is the galactic latitude (Feast et al. 1990 ); 72 stars are concerned. The visual extinction is then computed with A V = R × E B−V , where R = 3.1.
(ii) If |b| < 7.6
• , A V (r) is taken from Neckel & Klare (1980) ; 70 stars are concerned.
• , or if the star is not on the Milky Way fields defined by Neckel & Klare (1980) , or if it falls outside their A V (r) diagram (i.e., if the star is located too far away), then the visual extinction is taken from Arenou et al. (1992) ; 37 stars are concerned.
The dereddening procedure then requires to assign absolute visual magnitudes to S stars. From HIPPARCOS parallaxes, intrinsic S stars are known to be brighter than extrinsic S stars ), but several factors (intrinsic variability, as well as the Lutz-Kelker bias) prevent from giving accurate average luminosities for both classes of S stars. The only previous large-scale estimate of absolute visual magnitudes of S stars is by Yorka & Wing (1979) , who derived that the average M V at maximum light is of the order −1.5 to −2.0 for Mira S stars (i.e., intrinsic S stars) and −1 for non-Mira S stars (presumably mostly extrinsic S stars).
In principle intrinsic S stars and extrinsic S stars should thus be assigned different absolute magnitudes (say M V = −1 for extrinsic S stars and M V = −2 for intrinsic S stars), depending on whether they have technetium or not. This approach has not been retained here since (i) the only unambiguous way to distinguish extrinsic from intrinsic S stars is technetium detection, and this information is available only for 70 S stars (out of 205); the other parameters capable of segregating the two kinds of S stars have only a statistical efficiency (see the discussion about Sb in Paper III), and (ii) this would introduce an a priori distinction between extrinsic and intrinsic S stars, which would then be difficult to disentangle from possible genuine photometric differences derived subsequently.
While the intrinsic S stars are brighter than the extrinsic ones, they are also much redder, hence their V magnitude is dimmed. Therefore the single plausible value of M V = −1 has been assigned, for dereddening purposes only, to both extrinsic and intrinsic S stars.
The dereddening process is iterated until convergence of the apparent V magnitude is achieved (to a level of 10 −4 mag). The dereddened U and B magnitudes are then computed, using E U−B = 0.652×E B−V , a relation derived by Cramer (1994) for B stars in the Geneva photometric system (no such relation is available for late-type stars).
JHKL photometry
Observations in the J, H, K and L bands (1.2, 1.6, 2.2, and 3.4 µm) were obtained at the South African Astronomical Observatory (SAAO) for 138 Henize stars.
The majority of the observations were made with the Mk II IR photometer on the 0.75 m telescope at SAAO, Sutherland, although a few measurements were made with the 1.0 m there. The observations were reduced to the SAAO system using the standards of Carter (1990) . For a few of the stars observations have been previously reported in Catchpole et al. (1979) . These early observations have been corrected to the Carter (1990) system and where necessary meaned with later observations. The accuracy of the photometry is typically better than 0.06 mag in J and H, 0.04 mag in K and 0.1 mag in L. The values given in Table 5 are based on multiple observations for a number of the stars, especially variables or suspected variables.
These colours were dereddened using the colour excess E B−V obtained in Sect. 3.3 combined with unpublished colour excess ratios for the SAAO system kindly made available by Dr. I. Glass (1999, priv. comm.) .
Bolometric magnitudes
Apparent bolometric magnitudes could be computed for 126 Henize S stars by integrating the spectral energy distribution derived from the Geneva U, B and V bands (λ eff = 3463, 4227 and 5488Å, respectively) and from the SAAO J, H, K and L bands (λ eff = 1.2, 1.6, 2.2 and 3.4 µm, respectively). All the photometry was corrected from interstellar reddening as described in Sects. 3.3 and 4. The flux calibration for the SAAO photometry was kindly provided by Dr. I. Glass (1999, priv. comm.) ; for the Geneva photometry, it is taken from Rufener & Nicolet (1988) . No correction has been applied for the contribution of the flux longward of 3.4 µm which is generally quite small (< 5% of the total energy distribution; Glass & Feast 1973) . These apparent bolometric magnitudes are listed in the column m bol in Table 5 .
Unfortunately these bolometric magnitudes are only available for 126 stars. A second estimate of the bolometric magnitudes has thus been performed; it is less restrictive but also far less accurate. Multivariate classification has been performed on the 205 S stars of the Henize sample (Sect. 8 and Paper III), resulting in a classification of the stars in 6 well-defined and rather homogeneous groups (Sect. 8 and Paper III). For each group, a bolometric correction in the V band (BC V ) has been derived from the stars that have a reliable apparent bolometric magnitude available from the integration of the UBV JHKL fluxes. Thanks to these average bolometric corrections, apparent bolometric magnitudes could be computed for the 170 stars with a V magnitude available. These apparent bolometric magnitudes are listed in the column m bol,V of Table 5 .
IRAS photometry
The K − [12] and K − [25] colour indices have been computed from IRAS non-colour-corrected fluxes of good quality (quality flag of 3); they are listed in Table 5 . The 
Low-resolution spectroscopy
Observations and reductions
Low-resolution spectra (∆λ ∼ 3Å), covering the spectral range 4400 − 8200Å, have been obtained at the European Southern Observatory (ESO, La Silla, Chile) on the 1.52 m telescope equipped with the Boller & Chivens spectrograph (grating #23 + filter GG 420; dispersion of 114Å mm −1 ) and a Loral/Lesser thinned, UV flooded 2048 × 2048 CCD (CCD #39; 15 µm pixels).
The CCD frames were corrected for the electronic offset (bias), for the relative pixel-to-pixel response variation (flat-field) and for the sky foreground lines. Wavelength calibration was performed from helium-argon lamp spectra taken at least every two spectra. An optimal extraction of the spectra was performed according to the method of Horne (1986) . The extracted spectra were multiplied by the instrumental response function, obtained from the spectra of flux-calibrated standard stars (namely CD−32
• 9927, LTT 3218, LTT 4816). The whole reduction sequence was performed within the "long" context of the MIDAS software package.
The signal-to-noise (S/N ) ratio was estimated for each spectrum in the following way: three S/N values were computed for the three best exposed CCD lines (along the dispersion axis), in the neighbourhood of three spectral region of interest (∼ 6000, 7000 and 7500Å). These S/N values were then combined according to Eq. (17) of Newberry (1991) . When the exposure time on a given star has been split in two, the final S/N ratio was computed using Eq. (18) of Newberry (1991) . The degradation of the S/N ratio due to flat-field correction has not been taken into account. The average of these three S/N ratio values are listed in Table 6 for each target star. Such low-resolution spectra have been obtained for 158 stars out of the 205 Henize S stars. Some spectral standards K stars, M stars and non-Henize S stars were also observed.
Construction of band-strength indices
These low-resolution spectra allow to distinguish subclasses within the S family. To set this classification on a quantitative basis, band-strength indices have been constructed that indicate the strength of a specific band (or line) with respect to a nearby pseudo-continuum. More precisely, the index characterizing the band/line X λ is defined as I X,λ = (C max − B min )/C max , where C max is the maximum "pseudo-continuum" flux inside the wavelength interval [λ C,i , λ C,f ], and B min is the minimum "band" flux inside the wavelength interval [λ B,i , λ B,f ]. The adopted values of λ B,i , λ B,f , λ C,i and λ C,f are listed in Table 2 . An average index I X for a given oxide is then computed as the mean strength of all the bands listed in Table 2 for that oxide.
The ZrO bands used in the computation of the mean ZrO index were taken from Table 1 of Ake (1979) , but only the 7 bands not too strongly contaminated by TiO bands have finally been retained. In practice, Pearson's correlation coefficients between each ZrO index and the average TiO index were computed for all non-pure S stars. If they were larger than 0.6, the corresponding ZrO band was rejected.
Multivariate classification
S stars from the Henize sample have been classified into several groups using a multivariate classification scheme combining the most relevant parameters described in the previous sections. The clustering algorithm is described in Paper III. Two different clustering have been performed, resulting in a classification in either two or six groups of S stars. The cluster assigned to a given star is listed in Cols. C 2 and C 6 of Table 6 , corresponding to the 2-and 6-clusters classifications, respectively. The last column labelled C f lists the assignment finally retained, as either intrinsic ("i") or extrinsic ("e").
Conclusion
A large set of data has been obtained for the Henize sample of S stars, as detailed in the present paper. Their analysis is presented in Paper III. All these data (individual measurements and spectra, as well as the various tables contained in this paper) will be available in electronic format at the internet address http://www-astro.ulb.ac.be/.
Appendix A. Tables
The tables listed in this appendix contain the following columns:
• Table 3: CORAVEL data Hen and GCGSS are the Henize and Stephenson numbers, respectively, as listed in the General Catalogue of Galactic S stars (Stephenson 1984) ;
Tc indicates whether the star is technetium-rich (y) or technetium-poor (n) as derived in Paper I; N C is the number of CORAVEL radial-velocity measurements;
∆T stands for the time span (in days) of the observations;
V r (km s −1 ) is the mean heliocentric radial velocity and σ(V r ) (km s −1 ) its standard deviation; 1 (km s −1 ) gives the average error on one measurement; Sb (km s −1 ) and PR are the reduced width and the depth of the CORAVEL cross-correlation dip, respectively;
V ran (km s −1 ) indicates the range of the radial velocity measurements.
• Table 4 : Geneva photometric data N p is the number of measurements in the Geneva photometric system; V and V 0 are the reddened and dereddened visual apparent magnitude; U − B, B − V and (U − B) 0 , (B − V ) 0 are the reddened and dereddened colour indices, respectively; m indicates the method chosen for dereddening the photometry, as described in Sect. 3.3 [1: E B−V is taken from Burstein & Heiles (1982) ; 2: A V (r) is taken from Neckel & Klare (1980) ; 3: A V (r) is taken from Arenou et al. (1992) 
n U is the number of measurements fainter than U = 16.5; they were all discarded; σ r (U ), σ r (B) and σ r (V ) stand for the reduced standard deviation of the U , B and V magnitudes.
• m bol is the apparent bolometric magnitude obtained by integrating the spectral energy distribution in the UBV JHKL bands (Sect. 5); m bol,V is a less accurate estimate of the apparent bolometric magnitude derived by applying an appropriate bolometric correction to the V magnitude (see Sect. 5).
• Table 6 : Spectroscopic data and clustering results I ZrO , I TiO , I NaD and I LaO are the band strength indices as defined in Sect. 7.2; S/N stands for the signal-to-noise ratio of the lowresolution spectra used to derive the band strength indices (Sect. 7); the weight assigned to each Henize star in order to correct for the unequal galactic longitude coverage at different galactic latitudes is listed in Col. w (see Paper III); l and b stand for the galactic longitudes and latitudes, respectively;
C 2 and C 6 are the group assignments derived from the clustering algorithm for 2 and 6 resulting clusters (see Sect. 8 and Paper III); C f is the final retained classification, where "e" and "i" stand for "extrinsic" and "intrinsic", respectively.
Missing data are indicated by a dash. Table 4 . continued Table 5 . Henize S stars: infrared photometric data Table 5 . continued 
